
' 3 1176 00148 9054 ,-

NASA TECHNICAL MEMORANDUM ," ,, _" NASA TM-7587z <_

_' THE HIGH LIFT CHARACTERISTICS IN THE

CASE OF THE V-WING CONCEPT

H. Zimmer

NASA-TM-75872 19810009537

Translation of Das Hochauf'triebsverhalten Beim RautenflNgel-

konzept, Deutsche Gesellahaft fur Luft- und Raumfahrt and Hermann
Oberth-Gesellschaft, Deutscher Luft- und Raumfahrt-Kongress,
Darmstadt, West Germany, Sept. 19-23, 1978. DGLR paper 78-114,
43p. '

.... ' I980

LANGLi'Y R_SEARCH C[-.NTER

LIBRARY, NASA
,4aMP:I'ON, VlRGI_"'

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

LANGLEY RESEARCH CENTER, HAMPTON, VA. 23665
NOVEMBER 1980

4



# ' STANDARD TITLE PAGEi

I. Report No .......... _. Government Accoasien No. 3". Rociplent's Cattle 0 No.

,,N,_SA _M-7".5872 iii ::
4. Title end Subtitle $. Report DOll

THE HIGH LIFT CHARACTERISTICS IN THE . NOVEMBER 1780
CASE OF THE V-WING CONCEPT 6.Pe,lormlnoOrleni,eti_¢od,

7. Author(e) • 8. Per|ormlng O,genisotlon Report-He. iis'j

i.

H. ZIMMER : 10. WorkUni,He. ." i
? r i ..... .... , ii

9. Performing Organisot,on Home and Address II. Contract or. Grant No.
.SCZTRAN NASW-3198
BOX 5456 13. Type of Rope. and Period CovereA

• Santa Barbara, CA 93108 ,
..... Translation

|_. Span•ore, 9 Agency Name cmdAddree•"

NationalAeronauticsand •SpaceAdministration14.SpeneerinljA0ancyCode '
Langley-eesearch_Cente_, Hampton, VA 2366[

' ' " i , ,,l, •

15. Supplementary Notee '

Translation :of Das "Hochauf.'trlebsverhalten Beim Rautenfl_gel-
kongept, Deut.sche Gesellahaft fur Luft- und Raumfahrt and
HermanDOberth-Gesellschaft , Deutscher Luft-und Raumfahrt- ..

"kongress, Darmstadt, West Germa.ny, Sept. 19-23, 1978. DGLR
Paper 78_i14", 43 p. •

m

16. Abst,act
Theoretical experimental investigations of a new kind of
diamond wing concept have been carr±•ed out at the Dprnier
Company since 1975. Experimental results. _re available for
two models wi•th two low spee•d channels and two high speed
channels" and vari+us" parameters have been varied. T.he ex-
pected reduction of the induced and the wave resistance and
an increase in th_ maximum lift have'been "confirmed b'y pre-
vious, results. In ;addition, structural c_Iculations for a .
hypothetical full scale version have been carried out. Accord-

ing to the stresses and" deformations determined, .the wing.,
concept should al_o be _$1e to .control .the loads.

%,

, , , , , , , ] , , , ,

.170 Key Worde(Selected by Author(s)) 180'Dle#ibvtle_ Stolemene "

... ' "' Unclassified- Unlimited
J .

, , . i t. in t
It. Soevdty tie*trio (o! thle tep_l). 20. Soc_icy ClleeH. 1_| ti_, p,to) ,. 21. He. ,l Pee,s 22. L

)
Unelassifled Unclassified 41

k

"*i _:.Ii . . " _ ' ' NASA.IIQ -..... '.:,:_ |
: _J .......... -! .. , ,li__ _ .... ..,IU_ .... a ..... 1_.1...... _l_]'JlH I 1_.15 ...... _ I - _-......... _,_ -,---. L '5 -_



THE HIGH LIFT BEHAVIOR OF A DIAMOND WING* /I***

H. Zimmer**

Theoretical experimental investigations of a_new kind of dia-

mond wing concept have been carried out at the Dornier Company since

1975. Experimental results are available for two models with two low

speed channels and two high speed channels, and various parameters

have been varied. The expected reduction of the induced and the wave

resistance and an increase in the maximum llft have been'conflrmed

by previous results. In addition, structural calculations for a hypo-

thetical full scale version have been carried out. According to the

stresses and deformations determined, the wing concept should also be

able to control the loads.

* The investigation_ of D0rnier were supported by our own funds
and funds from BMVG RUFo4 (contract No. T/RF 41/80412/61433).
The DFVLR investigations were supported by basic fund_.
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Abstract: (Technical-scientific and neutrally oriented short summary)

The new modern kind of diamond wing was investigated by Dornier

both theoretically and experimentally since 1975. Experimental

results of two models in two low speed channels and two high speed

channels are variable, and various parameters have been varied. The

expected reduction in the induced and the wave drag and an increase

in the maximum lift have been confirmed by previous results. In

addition, preliminary structural calculations with a hypothetical

full scale version were carried out. Accordin_ to the stresses and

deformations found, the wing concept should be able to support the

loads.
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1. INTRODUCTION '1__%2

The aerodynamic requirements for aerial defense aircraft can be

summarized in the following simplified way:

I. High maximum lift (short take-off and landing speed, short

runways)

2. low drag for the subsonic speed range (maneuver flight)

3. low drag for supersonic sp_ed (wave drag)

4. structure with the smallest possible weight (and cost)

penalties.

When we consider these requirements in a design, the following

problems occur: Requirements i and 2 can be satisfied, if one uses

a wing with relatively high aspect ratio or span. In order to satis-

_! fy requirement 4, relatively thick wing profiles.are required in order

to provide the largest possible spar height. However, this contra-

dicts requirement 3, because in a supersonic flow, the thinnest possi-

ble profiles should be used °because the wave drag increasas about

according to the square of the profile thickness. On the other hand,

the high load multiples which occur require relatively compact wings

because of requirement 4 (small aspect ratioi, which in turn contra-

dicts requirements I and 2.

In order to make improvements here, additional vortices were pro-

duced by means of wing leading edges installed ahead of the body

(Strakes, F-16, F-17), or an auxiliary wing is used in the canard

configuration (Viggen, Kfir). Various investigatons are known where

these additional vortices are stabilized by means of gas jets.

Movable leading edge and/or trailing edge flaps in various /3

designs are widely used°

The requirements mentioned above are very contradictory and, of

course, ,.are most easy to satisfy by means of a movable wing, whihh

in slow flight represents a wing with g high aspect ratio and for
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supersonic speed, it comes very close to the most favorable delta

wing with a small aspect ratio. The exceptional aerodynamic p_rfor-

mance of such a wing, however, is counter-balanced by an exceptional

amount of complexity (costs) and increased weight. Many aircraft

designs with movable wings developed up to the present (Figure I)

show that some designers are prepared to pay this large price for

aircraft with special missions (low altitude flight).

There are investigations, of achieving a better compromise

between the high speed and the low speed requirements using simple

means. Recently, an investigation has becQme known [7] (see Figure

2) which again uses a wing strut, which many designers have tried to

remove from the wing since thebeginning of aviation. In this appli-

cation, and because of the strut, maximum wing thickness was reduced

from 4.5 to 3.1%, which resulted in a reduction in a total drag of

the aircraft of about 8% at Mach = 1.6. A wing Support and the thereby

reduced wing volume was also considered during the development of the

diamond wing. However, in addition, the advantages of dynamic: --

interferences will be exploited.

2. FUNDAMENTALS OF THE DIAMOND WING CONCEPT /4

A wing moving through the air at the speed U with lift experiences

friction drag and induced drag. The creation of this drag can be

explained by means of a momentum analysis as follows: the lift'pro-

duced by the wing is the reaction of the momentum of the air reached

by the wing and moved downstream. The energy contained in a mass

flow moving downwards represents the induced drag multiplied by the

speed. According to this analysis, the planar ellipse wing only

reaches the air mass which is inside a tube with a diameter of the

wing span around the wing.

The basic knowledge about the induced drag comes from the beginn-

ing of aviation research (for example, [I], [2]) and part.icularly the

fact that by using nonplanar wing configurations, one can bring about

a reduced induced drag, as would be possible using a plane elliptical ....
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wing. The most important results are summarized in Figure 3 ([2],

[3], [4]). The positive effect of these wing systems can be ex-

plained as follows: Because of their extension in the z-direction,

they reach a larger air mass than a flat wing. This ratio of the

induced drags (Figure 3), therefore, can be interpreted as well as

the reciprocal value of the ratio of the covered mass flows. For

example, a box wing with a high ratio of 0.5 will cover twice the

air mass of a flat elliptical wing.

These results have been known for a long time and have again

become important because of the requirement to reduce the drag of

aircraft, for example, by modifying the wing tips (for example, [3],

[4], [5]).

Figure 3 gives a frontal view of wing systems, but from the /5

structural point of view they do not promise any-special advantages.

It seems that the diamond shaped wing in the frontal view is better

suited for this, because the wings support one another mutually. The

relative induced drag of such a configuration is shown in Figure 4

(recalculation according to [6]).

Its effectiveness is considerably better than the configuration

of Figure 3, but for a completely designed wing we are less interested

in the relative induced drag than in the induced drag directly.

Various wing systems can be compared with the same aerodynamic per -

formance (same induced drag for same width). For a given factor of

the relative induced drag, the span has to be recalculated accordingly.

Figure 5 shows a comparison of 3 wings and the optimum multiwing (the

box wing) with a 60% of relative induced drag, the diamond multi-

wing with 95.4% and the flat elliptical wing. Even though the diamond

multi-wing has a span which is about 20% greater than the box wing,

it has a lower washed surface than the box wing, which is expressed

here in the developed wing s.

In previous analyses ([i], [2], [3], [_]) only the shape of

the cross section through the wing wake far behind the wing entered in
i

_i the calcula:t!ons.but no't the pos!i.:tionof the individual elements of.....
j r,,:" i
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the wing system in the x-direction. A two-dimensional multi-element

profile theory shows that this displacement as well as the profile

shape is very important, because the mutual influencing has an

effect on the boundary layer development on the individual elements.

Already in the early phases of aircraft development, a configuration

was found [8], where the various aerodynamlc effects [9] were com-

bined in a favorable way. This so-called optimum biplane has a more

favorable polar than the equivalent single wing and a higher maximum

lift, as Figure 6 shows. /6

These characteristics together with the fact that by means of the

mutual wing support for a given aspect ratio results in a lower wing

volume than for a single wing, led to the definition of 'a wind tunnel

model [I0] shown in Figure 7. This was designed as a variation model,

so that it could be investigated with various wings and contr$1 sur-
°.

face positions. The upper wing and lower wing were equipped with

curvature flaps at the trailing edges. The diamond wing and the com-

parison wing were untwisted and had symmetric profiles. After the

conclusion of the main part of the measurements the model was slightly

modified (Figure 7).

3. RESULTS OF THE INVESTIGATIONS /__7

Theoretical and experimental investigations were carried out in

subsonic and supersonic flows. Experimental results are available

for two models in two low speed and two high speed channels, and

various parameters were varied. Several results on the aerodynamic

behavior of the base configuration with the influence of flaps will

be given in the investigated angle of attack and Mach number range.

3.1 LOW SPEED RANGE

First, we made comparisons between experiments and theoretical

analyses of the wings in the low speed range. Figure 8 gives the

discretization of the wings in the form of a vortex network for cal-

culating, using the vortex lattice method. A nonlinear wake was
i,

f : _I
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used [ii]. The figure shows a comparison between the calculated

llft and drag (wing alone, without strake) and the measurements

(entire configuration with control surface). The increase in lift

of the diamond wing is somewhat larger than that of the individual

wing, as is the maximum lift. The theoretical induced drag is about

12% less for the diamond wing. In the measurements we only reached

the expected difference at angles of attack above 12°.

The effect of flaps at 25% chqrd was also investigated. The

theoretical influx on the lift and on the Pitch moment is given in

Figure 9 for the flap deflection possibilities. It is found that

the lower flap alone is about three times aseffective as the top

flap, as far as the additional lift is concerned (downwlnd influence).

Both flaps together have an effect which is slightly higher than that

of a flap on a single wing.. As the variations of the pitching moment

show, the upper flap brings about a positive zero moment. The moment

of the diamond wing with complete flap deflection is less by exactly

this amount th_n that of the single wing.

The structural investigations show that a common outer wing has /8

a favorable effect on the deformation of the wing complex under the

aerodynamic load. This modification was, therefore, investigated on

a priority basis. Figure i0 shows the theoretical flap effectiveness

according to Figure 9. In principle, nothing changes from the results

with the outer wing.

For comparison purposes, Figure Ii shows the flap effectiveness

from low speed measurements (without elevation control surface). The

expected tendency of the flap effect on lift does not occur. Also

the pitch moment varies as expected according to the calculation.

For small lift coefficients and for the selected moment reference

point ( i_) the wing-body combination alone is already stable. The

stability decreases at high angles of attack because of separation

in the outer regions of the wing (only without horizontal tail assem-

bly). The upper flap brings about a positive additional moment of

7
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the expected magnitude. The diamond wing is a configuration with

which a positive zero moment of the wing-body combination can be

reached without a negative effect on lift. The flight mechanical

possibilities from this are discussed in [12]. In the case of a

single wing, the production of a positive zero moment by S-struts,

flap deflection upwards, twisting is always related to a loss in lift.

In addition, Figure ii shows the influence of the flaps on the polar.

At DFVLR, in depth investlgatlons of the measured diamond wing-

horizontal tail assembly combination were carried out_ Among other

things, they made a theoretical analysis of the flap influence for

vortex layers which roll up in the wake. Figure 12 shows a result

from [13]. This gives the discretization of the configuration made

up of vortex networks and the rolling up of the vortex layer with'pylon

and outer wings. The lower °'wingflap is deflected.

The wing flaps were also measured when deflected to one side, /9

in order to determine their roll effect (flaperon). The roll effect-

iveness of the lower flap is substantially greater than the upper flap

because the downwind influence has the same effect as in the case of

an additional lift, and the span is also larger.

Figure 13 at the top also shows how the flaps could be used to

control drag. By deflections in opposite directions, lift changes
can be equalized.

By an appropriate combination of the flap deflection on one wing

side and by using the vertical tail assembly, a side force of suffi-

cient size could be produced without additional control surfaces.

(For example, pylon flaps). This is shown in the center of Figure 13.

The side force exerted by the vertical tail assembly is supported

by pressure forces which apply to the side wall of the body because

of the flap deflection. These were effective over the measured

angle of attack Mach number range (bottom Figure 13). This sideways

motion was also investigated in the entire speed range. In the low

speed range, measurements were performed up to large angles, of attack. ....

_ Figure_14 shows the most important static sideways motion derivatives._ _



It is found that the side slip rolling moment remains stable over

the angles of attack range of the diamond ring. However, it becomes

unstable at 16° for a single wing (Figure 14, center). The wind

flag stability decreases less steeply for a diamond wing than for

a single wing, and is maintained up to a large angle of attack (Figure

14, bottom).

The behavior of a diamond wing was investigated as well up to

large angles of attack. Figure 15 shows the lift coefficient up to

angle of attack of 60°. We find a continuous variation over the max-

imum lift, which itself is very flat. Figure 16 shows the corres-

ponding pitch moment and the polars. Here again we showed continuous

variations without special features up to angles of attack of 60o .

The behavior of a diamo.nd wing for large angles of attack is :/i0

uncritical overall, because the flow remains att&ched up to large

angles of attack and separates only gradually because of the advan-

tageous gap configuration.

3.2 HIGH SPEED RANGE

We will now give several results from the high speed range invest-

igations. The effectiveness of wing flaps (maneuver flaps) was in-

vestigated over the entire Mach number range. It makes sense to use

them up to about M = 0.95. Above this, the clear configuration is

more favorable. Figure 17 shows the variations of buffet-onset in

the high subsonic range and in the transonic range were the most

important measured configurations. The criterion for defyingthis

limit was twice the base value of the square of the average of the

signal of the roll moment balance. Here we see an advantage of the

diamond wing configuration. The buffet limits are lifted somewhat

because of the flaps.

These variations only give the beginning of rockingmotion. Of

course, one will attempt to even go beyond this boundary as much as

possible without endangering the structure of the aircraft. As the

" 9
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example of a transonic polar shows (M = 0.9) in figure 17, the

polar of a diamond wing is clearly favorable in the light buffet

range than is the single wing.

Figure 18 shows how the lift varies with the Mach number over

the range. The lift increase of the configurations of interest here

as a function of Mach number is given and the measured llft curves

for 3 Mach numbers. These results show that in a supersonic flow

the lift increase of a diamond wing is smaller than that of a single

wing. The linearized supersonic profile theory also gave such a

result as indicated in Figure 16. This can be attributed to the /ll

interference effect of two.wings which are parallel (without overlap).

When considering the drag, we first considered the supersonic

form drag, that is the wave'drag for zero lift. Figure 19 shows a

comparison of the theoretical wave drag according to [14] (supersonic

area rule) of a model configuration and measurements. The peak in

the calculated curve, where the wing always had a supersonic leading

edge, is washed out in the measurements. Figure 20 shows the varia-

tion of the measured wave drag values of the model with diamonds and

this is compared with single wings. The expected reduction has,

therefore, been demonstrated.

We will now discuss two examples about the variation of the
r

supersonic total drag with increasing lift. Figure 21 on top shows

the polars of diamond wings and single wings at Ma = 1.46. For small

lift coefficients, the total drag is reduced by about 15% by means

of the diamond wing. As the lift increases the difference becomes

smaller Until the polars _utercept. A two-dimensional analysis using

linearized supersonic profile theory with a Mach number reduction

caused by the influence of sweep also shows this tendency (parallel

profiles). This can be seen from the two-dimensional polars on Figure

21. The interference effect of the two polars results in an improvement

of the polar below a certain lift coefficient. Above this there is

a deterioration compared with a single profile. However, the lift

coefficients which occur for supersonic flight aresmall, so that

i0



the advantage can be exploited. Figure 20 shows the results for

M = 2. The Mach number of the two-dimensional polar corresponds

to the normal component perpendicular to the wing leading edge (Fig-

ure 20 below). The measurement trends of Figure 22 top here again

correspond to those of the previous two-dlmensional theory. The ,

lift coefficient flow which occur at this Mach number also here lie

in the region of positive interference between about I0 up to the

limiting case of zero lift of 20% of the total drag reduction brought

about by the diamond wing.

3.3 STRUCTURAL CALCULATIONS /12

In such a nonconventional wing configuration, the structural

feasibility also is very important. We will briefly discuss this

problem. For the most possible realistic structural configuration,

we specified a hypothetical full-scaled version from various com-

parable project studies. These are shown in Figure 23. The calcu-

lated flight weight was 7500 kg. The wing configuration as well as

the distribution of the relative thickness (referred to each wing chord)

are given in Figure 24. In absolute terms, the wing is very thin and

is about 1.5% of the total wing chord at the thinnest point. The

idealization of the wing complex for structural calculations is shown

in Figure 25, according to [I0]. The calculation shows that for a

12 g fracture load, the skin of the wings could not be figured in 5 mm

anywhere, because anAl structure is assumed. The twist of the Unit

at fracture load is less than 3° . The very thin wings are, therefore,

possible with this stiff design. If we allow larger relative thick-

nesses, the skin thickness could be thinner accordingly.

4. NOTATION /13

b wing span

Ca profile lift coefficient

CA total lift coefficient

CAB lift coefficient for buffet onset

_ ii
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CLB side slip rolling moment derivative

CM pitch moment coefficient

CN_ side slip yaw moment derivative

CW drag coefficient

CWi coefficient of induced drag

CW

Jell coefficient of induced drag of the flat elliptical wingl,
AC • -
W wave drag resistance coeff$cient
o

C side force coefficient
Y

C side force derivative

Y6 , ,
d profile thickness

h height of wing system

HLW vertical tail assembly

i profile chord

i aerodynamic reference wing chord
M,Ma Mach number

Re Reynolds number

RMS L quadratic square of the pitch moment signal of the strain
gauge value (Root mean square)

S developed arc length

SLW vertical tail assembly

Wi induced drag /14

Wi induced drag of elliptical wing
ell

X,Y,Z, rectangular coordinate system

angle of attack

6 side slip angle

SH horizontal tail assembly trim angle
e wing V-position

n dimensionlessi span

hK flap deflection angle

deflection angle of the top and lower flapsnO,U
K ratio of the induced drag to that of the flat elliptical wing

wing aspect ratio

12
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